###### Strengths and limitations of this study

-   We will apply best-practice methodology in order to classify the cardiovascular toxicity of targeted therapies based on systematic review evidence.

-   Restriction to systematic reviews excludes newer agents for which systematic reviews have not yet been performed.

-   Heterogeneity in systematic reviews, together with variable quality and completeness, prevents a quantitative synthesis of the evidence.

-   Systematic review evidence has been almost exclusively generated from randomised controlled trials (RCT) populations that are younger and healthier than the average, newly diagnosed patient with cancer.

-   Short follow-up of the underlying RCTs may underestimate longer-term cardiovascular toxicity.

Rationale {#s1}
=========

Cancer treatment has evolved considerably over the past two decades. The introduction of targeted therapies, including small molecule inhibitors, monoclonal antibodies, hormone therapies and immunotherapies, has contributed to dramatic improvements in patient survival. Paradoxically, evidence is accumulating that some of these agents are associated with a number of off-target adverse effects, including short-term and longer-term cardiovascular toxicity. These include but are not limited to left ventricular ejection fraction (LVEF) decline, congestive heart failure (CHF), infarction, ischaemia, arrhythmias, stroke, thromboembolism and hypertension.[@R1] The pathogenesis of cardiovascular toxicity associated with established chemotherapeutic agents, such as anthracyclines, has been well described, whereas that for targeted therapies is less well understood. Moreover, there are no universally accepted evidence-based guidelines for monitoring or managing potential cardiovascular toxicity in patients exposed to these agents.[@R4]

Overviews of systematic reviews (also called umbrella reviews) compile information from multiple systematic reviews to provide a comprehensive synthesis of evidence.[@R6] Additionally, overviews of systematic reviews may provide a wider perspective on the heterogeneity, possible sources of bias and methodological quality of systematic reviews that may affect the credibility of evidence in a field.[@R7] There are no prior systematically conducted overviews of the cardiovascular toxicity of targeted cancer therapies. This overview will provide a comprehensive, accessible synthesis with which to inform clinicians in general practice and oncology when managing the cardiovascular health of patients with cancer.

Objectives {#s2}
==========

We will synthesise published systematic review evidence of cardiovascular toxicity associated with targeted cancer therapies. For each agent for which there is systematic review evidence, cardiovascular toxicity will be classified as sufficient, probable, possible or indeterminate.

Methods and analysis {#s3}
====================

Protocol and registration {#s3a}
-------------------------

This protocol was designed in accordance with the methodological guidelines for overviews provided by the Cochrane Collaboration,[@R6] the Joanna Briggs Institute[@R8] and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P; checklist provided).[@R9] It is registered on the International Prospective Register of Systematic Reviews (PROSPERO no. CRD42017080014; <http://www.crd.york.ac.uk/prospero>).[@R10]

Eligibility criteria {#s3b}
--------------------

### Types of studies {#s3b1}

We will include published, peer-reviewed systematic reviews and meta-analyses of phase II--III randomised controlled trials (RCTs) and observational cohort studies of targeted therapies for cancer which provide meta-estimates for cardiovascular outcomes. We will not include systematic reviews published only in abstract form nor network meta-analyses. We will include a pooled analysis if the study was a systematic review, and it collected individual-level data from all eligible studies.

### Population {#s3b2}

We will limit our overview to studies of human patients with cancer and will exclude treatment for other indications. We will not restrict studies by cancer type, patient age or gender.

### Interventions {#s3b3}

Our definition of targeted therapies will include: small molecule inhibitors (protein kinase, proteasome and other small molecule inhibitors); monoclonal antibodies; hormone (endocrine) therapies; and immunotherapies included within the L01X, L02B and L04AX rubrics of the WHO Anatomical Therapeutic Chemical classification. This system classifies agents according to the primary therapeutic use of the main active ingredient.[@R12] We will not include sensitisers used in photodynamic/radiation therapy (photodynamic agents). We will include agents administered in both neoadjuvant and adjuvant settings. We will restrict, where possible, to studies of patients undergoing first-line therapy; we will exclude studies solely examining second-line therapy. Systematic reviews consisting solely of second-line therapy trials, in particular multiple, small trials, were judged to be at high risk of non-random distribution of prior treatments to the trial arms, and thus potentially biased results.

### Comparison {#s3b4}

We will limit our overview to systematic reviews that compare the agent of interest to placebo, with or without concurrent chemotherapy, radiotherapy, surgery or transplantation. We will exclude systematic reviews with one or more studies in which the agent of interest was directly compared with standard therapy, or in which the agent of interest was given in both the treatment and control arm.

### Outcomes {#s3b5}

We will include systematic reviews reporting meta-estimates for at least one cardiovascular outcome. We will consider all relevant diseases of the cardiovascular system, as defined according to the WHO International Classification of Diseases 10th Revision (ICD-10)[@R13] (ICD-10 codes I10-I99), including, but not limited to: CHF, myocardial infarction, ischaemic heart disease, LVEF decline, cerebrovascular disease, pulmonary embolism, thrombosis and hypertension. We will not include haematological toxicities such as thrombocytopenia.

Information sources and search strategy {#s3c}
---------------------------------------

We will conduct an exhaustive literature search across two biomedical citation databases, Embase and Medline, as well as the Cochrane Database of Systematic Reviews. Our proposed search strategy is based on predefined systematic review search filters provided by the BMJ Evidence Centre[@R14] and was developed with the aid of an experienced research librarian. Search terms comprise keywords related to cancer, drug therapy, adverse events, toxicity, systematic reviews and meta-analyses. We will adapt the search strategy for each database (see online [supplementary file 1](#SP1){ref-type="supplementary-material"}). English language articles published up until 31 December 2016 will be eligible. We will identify any additional reviews by searching reference lists. The search strategies were first applied on 1 May 2017 and the study is expected to conclude on 30 June 2018.

10.1136/bmjopen-2017-021064.supp1

Data collection {#s3d}
---------------

We will manage identified studies using EndNote X8.0.1 \[Thomson Reuters 2016\]. After initial duplicate removal, two reviewers (SL, CV) will independently screen titles and abstracts against eligibility criteria. They will retrieve studies that are potentially relevant in full-text format and will again check them against eligibility criteria to determine inclusion. They will resolve discrepancies in included studies through discussion and consultation with a third reviewer (MTvL) if consensus cannot be reached. They will summarise search results using a PRISMA flow diagram.[@R15]

Two reviewers (SL, CMV) will independently extract data from each included study using a predefined data extraction form, resolving discrepancies through discussion and consultation with a third reviewer (MTvL) if consensus cannot be reached. They will pilot this form and refine accordingly. Where data reported within systematic reviews are inconsistent, they will contact the authors directly for clarification; they will exclude systematic reviews with data irregularities that cannot be resolved by communication with the authors.

The reviewers will extract the following data items from each included study:Bibliographic details (author, publication year).Methodological characteristics (information sources, search end date, study design and aim, eligibility criteria, publication date range of included studies, agent and dose, intervention, defined cardiovascular outcome including grade (severity), length of follow-up, method of pooling and bias assessment, funding).Patient characteristics (age, sex, cancer or tumour type, prophylaxis).Results (number of studies included in meta-estimate, event rate in exposed and unexposed trial arms or patient populations, meta-estimate, risk of bias within included studies, risk of bias in meta-estimate).

Assessment of methodological quality of included reviews {#s3e}
--------------------------------------------------------

Two reviewers (SL, CMV) will independently appraise the methodological quality of included reviews using Assessment of Multiple Systematic Reviews (AMSTAR),[@R16] a validated and reliable tool.[@R18] They will resolve discrepancies in AMSTAR scores through discussion and consultation with a third reviewer (MTvL) if consensus cannot be reached. We will not exclude studies based on their AMSTAR score; however, we will use AMSTAR scores when preparing our evidence synthesis to select the higher-quality study from completely overlapping systematic reviews, rather than double-counting events and participants from primary studies (see 'Data Synthesis').

Assessment of quality of evidence {#s3f}
---------------------------------

There is no agreed method with which to evaluate the quality of evidence across systematic reviews.[@R19] The GRADE system, as applied in Cochrane reviews[@R6] to assess the quality of evidence and strength of recommendations, cannot be readily applied in overviews of systematic reviews.[@R19] Additionally, given the scope of this overview, it is not feasible to judge the quality of every primary study included in each systematic review. Nevertheless, the strict criteria on which we will base our synthesis will ensure that only those systematic reviews with detailed reporting on the quality of primary studies contribute to the evidence (see 'Data Synthesis').[@R19]

Data synthesis {#s3g}
--------------

We will consider the issue of overlapping primary studies prior to preparing our evidence synthesis. If there are multiple systematic reviews of the same agent in the same patient population, and for the same outcome, we will apply the following:If the primary studies are completely overlapping, then we will select the highest-quality review.If the primary studies partially overlap, then we will retain both reviews if the lower-quality review consists of more than one-third new studies.If the primary studies do not overlap, then we will retain both reviews.

In our overview data summary tables, we will denote systematic reviews containing overlapping primary studies using appropriate footnotes; likewise, we will explicitly note systematic reviews removed from our evidence synthesis due to completely overlapping studies. We will discuss the potential impact of these exclusions when reporting the evidence synthesis.

We will use forest plots to display published meta-estimates for each agent and cardiovascular outcome; however, we will not compute an overview meta-estimate due to the likelihood of considerable heterogeneity in study populations and cardiovascular outcomes between studies, the absence of essential meta-data (number of events, number of exposed and unexposed patients) and the lack of well-established quantification methods.[@R18]

We will present the findings as a narrative synthesis,[@R21] and will use a 'stop-light indicator'[@R8] for visualisation. For each cardiovascular outcome, we will classify individual agents into one of five categories based on the 'worst-case' scenario across published reviews by applying the criteria described in [table 1](#T1){ref-type="table"}. We will classify agents as having sufficient (red), probable (orange) or possible (yellow) evidence of toxicity, sufficient evidence of no toxicity (white) or indeterminate (grey) evidence of toxicity. We will consider evidence to be sufficient if a systematic review is of high quality, assesses the quality of the primary studies and identifies a statistically significant association based on at least 1000 exposed patients.[@R22] For each cardiovascular outcome, sufficient systematic review evidence of cardiovascular toxicity will supersede any other classification.

###### 

Classification used to synthesise evidence from systematic reviews of targeted cancer therapies and cardiovascular toxicity

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Classification for each cardiovascular event              Conditions
  --------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sufficient systematic review evidence of toxicity         If the following were all met:\
                                                            (i) a statistically significant meta-estimate of effect (p\<0.05);\
                                                            (ii) the review was either high quality (AMSTAR score ≥8) or moderate quality (AMSTAR score 4--7), provided that the AMSTAR elements 7 and 8 were met\*; and\
                                                            (iii) the number of patients exposed to the agent was ≥1000.

  Probable systematic review evidence of toxicity           If the following are all met:\
                                                            (i) a statistically significant meta-estimate of effect (p\<0.05);\
                                                            (ii) the review was either high quality (AMSTAR score ≥8) or moderate quality (AMSTAR score 4--7), provided that the AMSTAR elements 7 and 8 were met\*; and\
                                                            (iii) the number of patients exposed to the agent was \<1000.

  Probable systematic review evidence of toxicity           If the following are all met:\
                                                            (i) a statistically significant meta-estimate of effect (p\<0.05);\
                                                            (ii) the review was moderate quality (AMSTAR score 4--7), without satisfying AMSTAR elements 7 or 8\*, or of low quality (AMSTAR score ≤3); and\
                                                            (iii) the number of patients exposed to the agent was ≥1000.

  Possible systematic review evidence of toxicity           If the following are all met:\
                                                            (i) a statistically significant meta-estimate of effect (p\<0.05);\
                                                            (ii) review was either moderate quality (AMSTAR score 4--7), without satisfying AMSTAR elements 7 or 8\*, or low quality (AMSTAR score ≤3); and\
                                                            (iii) the number of patients exposed to the agent was \<1000.

  Sufficient systematic review evidence of no toxicity      If the following are all met:\
                                                            (i) a statistically non-significant meta-estimate of effect (p\>0.05);\
                                                            (ii) the review was either high quality (AMSTAR score ≥8) or moderate quality (AMSTAR score 4--7), provided that the AMSTAR elements 7 and 8 were met\*; and\
                                                            (iii) the number of patients exposed to the agent was ≥1000.

  Indeterminate systematic review evidence of no toxicity   If the following are all met:\
                                                            (i) a statistically non-significant meta-estimate of effect (p\>0.05);\
                                                            (ii) the review was either high quality (AMSTAR score ≥8) or moderate quality (AMSTAR score 4--7), provided that the AMSTAR elements 7 & 8 were met\*; and\
                                                            (iii) the number of patients exposed to the agent was \<1000.

  Indeterminate systematic review evidence of no toxicity   If the following are all met:\
                                                            (i) a statistically non-significant meta-estimate of effect (p\>0.05);\
                                                            (ii) the review was moderate quality (AMSTAR score 4--7), without satisfying both AMSTAR elements 7 and 8\*, or low quality (AMSTAR score≤3); and\
                                                            (iii) the number of patients exposed to the agent was of any size.

  Indeterminate systematic review evidence of toxicity      If the only study examining the cardiovascular outcome did not report the number of patients exposed to the agent, regardless of effect or study quality.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*AMSTAR elements 7 and 8: quality of included studies was assessed, documented and used appropriately in formulating inclusions.

AMSTAR, Assessment of Multiple Systematic Reviews.

Patient and public involvement {#s3h}
------------------------------

We will conduct the study in collaboration with consumer representatives, including coauthor LH, who bring essential perspectives and experience to the multidisciplinary investigative team. We will submit our findings for peer-review publication and presentation at national and international conferences. We will also disseminate our findings through established clinical networks, as well as consumer networks, using lay summaries where appropriate. Ethics approval is not required for overviews as they are based on published documents.

Discussion {#s4}
==========

This will be the first systematically conducted overview of cardiovascular toxicity associated with targeted cancer therapies. We will use robust methodology to rigorously appraise and comprehensively synthesise published systematic review evidence. Hierarchically, systematic reviews generally provide the highest level of evidence for harms associated with treatment.[@R24] However, overviews of systematic reviews present several methodological challenges that should be considered.[@R18] First, using data more than once from individual primary studies without accounting for overlap may result in some primary studies being over-represented. As recommended, we will apply a priori criteria to select systematic reviews when there are multiple potential candidates.[@R21]

Second, it is not feasible within this study to extract and assess risk of bias at the level of each individual primary study. Rather, our evidence synthesis will incorporate the quality of systematic reviews, the number of patients exposed, whether the quality of the primary studies was assessed and the consistency of the evidence. These strict criteria will ensure that low-quality systematic reviews that fail to assess or take into account the quality of the primary studies provide no more than indeterminate evidence in our synthesis.[@R19]

Third, due to heterogeneity between systematic reviews in terms of outcomes and definitions, population characteristics and study type and quality, a quantitative synthesis of the evidence is not possible.

Fourth, restriction to published systematic reviews precludes inclusion of emerging evidence, and there is no agreed method for including additional primary studies.[@R27] Hence, we are unable to include in our synthesis evidence for those agents for which systematic reviews are yet to be conducted, and it will be inherently biased towards the more established agents.

Finally, despite our intention to include observational studies, evidence which is predominantly generated from RCTs may underestimate cardiovascular toxicity, as trial participants will be younger and healthier than the average patient with cancer, and follow-up time may be insufficient to observe late effects. They are also unlikely to report detailed information on cardiovascular prophylaxis, such as use of ACE inhibitors, angiotensin receptor blockers and beta-blockers, which are known to modify cardiovascular toxicity.[@R1]

Our evidence synthesis will provide new commentary on the current systematic review evidence for cardiovascular toxicity associated with individual targeted cancer therapies. It will provide an accessible, comprehensive synthesis with which to inform clinicians and the development of guidelines for the management of at-risk patients. Furthermore, it is expected that this overview will encourage further research for those agents for which systematic review evidence is currently insufficient or lacking.
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